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VARABLE SPEED POWER GENERATOR 
HAVING TWO INDUCTION GENERATORS 

ON A COMMON SHAFT 

FIELD OF THE INVENTION 

0001. The present invention relates generally to induction 
machines, in particular concerning power generation from 
variable speed inputs, such as for example those found in 
wind energy generation, hydroelectric power generation and 
tidal power generation. Although it will be convenient to 
hereinafter describe the invention with reference to wind 
turbine applications, it is to be understood that this is not to be 
taken as a limitation of the scope of the invention. 

BACKGROUND TO THE INVENTION 

0002 Induction machines are well known; however for a 
long time it has been considered that synchronous machines 
were much better for generating alternating current, and the 
induction generator has been considered less commercially 
significant and its importance for power generation down 
played. 
0003. When variable speed energy sources are operating 
independently of other energy systems, electricity of reliable 
and usable frequency and current can be obtained effectively 
and cheaply by utilising relatively simple and low cost power 
electronic controls. However, when variable speed energy 
Sources are to be integrated with large scale Supplies and 
connected to large Scale grids, Sophisticated and expensive 
electronic controls are required. This is because power grids 
demand power input of a selected active and reactive power 
characteristic; that is, the Voltage and current wave forms 
must be phase related in a selected manner to meet the 
requirements of the connected load. 
0004 To provide this integration when using conventional 
induction generators, and since singly fed induction genera 
tors are fundamentally incapable of supplying reactive power, 
Such a generator must be doubly-fed—that is it must have a 
second full power input, usually and most commonly in the 
form of a pulse width modulated converter connected to its 
(wound) rotor circuit. 
0005 Such a doubly-fed machine requires brushes and 
sliprings. There are very significant maintenance costs and 
problems associated with brushes and sliprings for a genera 
tor which is located at the top of a high tower, where such a 
generator is usually located in order to generate maximum 
power from a large rotating wind-driven propeller or prime 
mover. (Another form of a doubly-fed machine which is not 
generally satisfactory in a power generation application has 
TWO stator windings which interact with each other and 
upon the conductors of a common rotor winding.) Induction 
generators are usually coupled to the prime mover by means 
of a full speed reduction gearbox, since Such a generator does 
not require as many poles as one without a gearbox. However 
a full reduction gearbox adds a very significant mass to the 
system, which is undesirable in terms of cost and logistics 
when located at the top of a high tower. 
0006 Alternatively conventional synchronous generators 
may be used, however these are fundamentally constant speed 
devices and can only be used in wind applications if the 
output is rectified and then converted back to mains fre 
quency. Whilst this eliminates the necessity for a gearbox, the 
high cost of a full power (PWM) inverter makes conventional 
synchronous generators very expensive. Brushes and slip 
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rings can only be avoided by using permanent magnet rotor 
excitation along with some other means to regulate or control 
the output Voltage. 
0007 Brushless twin stator squirrel cage induction gen 
erators (BTSIG) are known as being suitable for generation in 
variable speed input situations, a particular version described 
by Edwin Sweo, wherein first and second generating 
machines are connected at their rotors by connecting the 
conductors in the first cage rotor to the conductors in the 
second cage rotor in a reverse phase sequence. This system 
introduces assembly and mechanical difficulties. 
0008. However, such a machine does not of itself consti 
tute a substitute for other forms of variable speed generators, 
including the doubly-fed induction generator and the perma 
nent magnet synchronous generator used in conjunction with 
a full power inverter referred to above. 
0009. The present invention seeks to alleviate one or more 
of the disadvantages of the generator arrangements referred to 
above. 

SUMMARY OF THE INVENTION 

0010. According to one aspect of the present invention 
there is provided a machine Suitable for generating power in 
a variable speed wind energy generation system, the machine 
including a primary or power induction generator, and a sec 
ondary or control induction generator, each induction genera 
tor having a rotor mounted so as to be rotated by a shaft 
common to both primary and secondary generators, the sec 
ondary or control induction generator being electrically con 
nected to an inverter, a controller being associated with the 
machine which provides an output signal to the invertex based 
on selected inputs to the controller so that in use the inverter 
may input a signal to the secondary or control induction 
generator to effect a selected output from the primary or 
power induction generator. 
0011. In use, the primary induction generator is electri 
cally connected to a power grid for Supply to the grid and the 
secondary or control induction generator is also electrically 
connected to the power grid for Supply from the grid via an 
inverter, the inverter producing a controlled Voltage and cur 
rent of variable frequency and phase relationship. 
0012. In one preferred embodiment the machine includes 
primary and secondary induction generators, the generators 
having respective stators, the stators being magnetically and 
electrically isolated from each other, the generators further 
having respective rotors having windings insulated from 
adjacent windings and from their laminated structures and 
placed in a single common housing. The machine, hereinafter 
termed abrushless doubly-fed twin stator induction generator 
(BDFTSIG) can operate in a synchronous mode wherein a 
single frequency current passes through both sections of the 
COmmon rotor. 

0013 Preferably, the rotor on the primary generator and 
the rotor on the control generator are in the Squirrel-cage 
form, which includes laminations, the rotors being electri 
cally connected to each other via cage bars. The cage bars are 
electrically connected to corresponding bars on the adjacent 
rotor. However, the cage bars within each rotor are electri 
cally isolated from one another as well as electrically insu 
lated from the laminations. In one embodiment, this electrical 
insulation may beachieved either by employing pre-insulated 
bars or by lining the rotor slots with an insulated nomex or 
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similar packet. The currents fed to the secondary stator con 
trol the reactive power flow in and from the primary stator in 
a brushless manner. 
0014 Advantages of preferred embodiments of the 
present invention are that the BDFTSIG is able to generate 
power at the power system's side at constant (power system) 
frequency notwithstanding variable rotor speeds, provided 
that the secondary induction generator is fed at an appropriate 
frequency so that synchronous generation is maintained. 
Therefore by adjusting frequency, phase and magnitude of the 
secondary or control induction generator stator current (exci 
tation current) the amount of the active and reactive power 
(power factor control) flowing through the primary induction 
generator can be dynamically controlled. In operation, the 
inverter Supplies the secondary or control induction generator 
and also is electrically connected to a control system so that 
the inverter provides Voltage and current waveforms comple 
mentary to the primary induction generator's wave forms. 
0015. In a preferred embodiment the common shaft is 
operatively connected to a prime mover, in one form, a wind 
turbine. 
0016. In a preferred form, the stators of the primary and 
secondary generators are electrically isolated from each 
other, so that they do not interact in any electrical or magnetic 
a. 

0017 Preferably, the controller receives signals, and pro 
cesses the signals to output to an inverter. In one form, the 
controller includes at least one Proportional Integral (PI) 
controller; as well as one or more notch filters and phase angle 
synthesisers in order to provide inputs regarding Voltage and 
current relationships to the inverter, without causing undue 
control spikes. In one embodiment the filters are adaptive 
notch filters to isolate the fundamental frequency of the volt 
age and current generated, since the mechanical input is gen 
erally variable. 
0018. According to another aspect of the present invention 
there is provided a variable input speed energy generation 
system, the system including primary and secondary induc 
tion generators, the generators being mounted on a common 
shaft, shared with a prime mover, a control system for con 
trolling phase relationships between Voltage and current pro 
duced by the system; and an inverter operatively connected to 
the controller for Supplying the secondary induction genera 
tor with power at a selected Voltage and current relationship, 
so that the energy output from the system Substantially 
matches the specified active and reactive power requirements 
of the grid to which it is electrically connected. 
0019 Preferably each generator includes a respective 
separate stator winding, the generators further including a 
rotor mounted to the common shaft. 
0020 Preferably, the controller inputs are signals such as 
specified active and reactive power as well as signals from 
transducers. 
0021 Preferably a rotor position sensor is provided for 
determining the angular position of the common shaft and 
rotor. This may take any suitable form Such as a transducer 
and in one preferred form the position sensor derives its 
outputs from a Voltage signal output from the rotor. Other 
means may also be employed to detect the position of the 
common shaft 16, Such as current detection. 
0022 Preferably active and reactive power transducers are 
also provided so as to determine the phase relationships 
between Voltage and current at the output from the primary 
stator, and at the input to the secondary stator. 
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0023 Preferably, voltage and current signals from the grid 
are obtained, filtered, to remove harmonics and then the 
Power System (Grid) References are calculated, for input to 
the controller. In one form the filtering is performed by adap 
tive notch filters. 
0024. In one embodiment the inverter is in the form of two 
PWM converters electrically connected; a first converter con 
verting the AC input from the grid to DC. A second PWM 
converter converting the DC back to AC of a preferred fre 
quency, however, with a phase relationship between the Volt 
age and current which is complementary with that of the 
primary stator, in response to the inputs from the controller. 
0025. According to another aspect of the present invention 
there is provided an induction machine which includes a rotor 
having laminations and insulated cage bars, the bars being 
electrically isolated from one another as well as electrically 
insulated from the laminations. 
0026. The induction machine may be used in preferred 
embodiments in a machine as above described or in the above 
described power generation apparatus. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0027. In order to enable a clearer understanding of the 
invention, drawings illustrating example embodiments are 
attached, and in those drawings: 
0028 FIG. 1 is a basic connections diagram of the wind 
energy power generation system; 
0029 FIG. 2 is a block diagram of the control system 
associated with the generation system. 
0030 Referring to FIG.1 there is shown a power generator 
generally indicated at 10 in the form of a primary induction 
generator 12 and a secondary or control induction generator 
14 mounted on a common shaft 16 for rotation thereabout. A 
prime mover 18 in the form of a wind turbine 20 is also 
provided, mounted on the common shaft 16. The primary and 
secondary induction generators 12, 14 employ rotors 22, 24 of 
the squirrel cage type, having a laminated Structure 17 as well 
as rotor bars 19, 23 and windings 21, 25. The bars 19, 23 of 
both rotors 22, 24 are insulated from the corresponding lami 
nated structure 17. This electrical isolation is achieved in this 
embodiment either by employing pre-insulated bars or by 
lining the rotor slots with an insulated nomex or similar 
packet. Therefore, it is impossible to employ standard Squirrel 
cage rotor manufacturing techniques such as die casting. 
0031. In this embodiment, the generator is known as a 
brushless doubly-fed twin stator induction generator (BD 
FTSIG), and includes the two induction generators 12, 14 
magnetically and electrically insulated from one another with 
their rotors mounted on the common shaft 16, both generators 
placed in a single housing 32, the rotors 22, 24 having wind 
ings 21, 23 insulated from each other and from their lami 
nated structures 17. Corresponding rotor bars 19, 23 are con 
nected to one another between the rotors 22, 24 so that the 
rotors share a common current. 
0032. The primary generator 12 includes a stator winding 
13, hereinafter termed the power winding 13, which is 
directly connected to a power grid 51. The secondary induc 
tion generator includes a stator winding 15, hereinafter 
termed the control winding 15 is supplied from a controlled 
Voltage or current source of variable frequency via an inverter 
50. The BDFTSIG can operate in a synchronous mode, 
wherein rotor current frequency in each induction generator 
12, 14 is such that the power winding 13 currents or active and 
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reactive power flow can be controlled through the rotors 22, 
24 from the control winding 15 in a brushless manner. 
0033. Further indicated in FIG. 1 is a control system, gen 
erally indicated at 30. Part of the control system 30 is a small 
permanent magnet generator 32, to indicate to the controller 
30 the rotary position of the common shaft 16 and its speed at 
any time. The position of the common shaft 16 in relation to 
the phase of an inverter Voltage vector is compared and a 
resulting signal is used to control the inverter 50 output. 
0034. The rotor bars 19, 23, although electrically insulated 
from adjacent rotor bars and laminated structures, within 
respective rotors, are electrically connected to rotor bars in 
adjacent rotors. 
0035. The primary stator 13 is electrically connected to a 
power grid 51. The secondary stator winding is also electri 
cally connected to the power grid 51, although it is an indirect 
connection via the inverter 50. The controller 30 also is elec 
trically connected to the power grid 51 from which it accepts 
a phase oriented signal. 
0036. The controller 30 includes a maximum power con 

troller 37 and a means 38 for computing a control angle. The 
means 38 is electrically connected to the grid 51. The maxi 
mum power controller 37 has inputs such from a transducer 
35 measuring active and reactive power output from the pri 
mary stator 13 as well as a transducer 36 for measuring active 
and reactive power input to secondary stator 15. A rotor 
position transducer 32 outputs to the means 38 for computing 
a control angle. 
0037 Referring to FIG. 2, there is shown a block diagram 
which displays the interaction of the elements of the control 
system and derivation of its inputs and the output produced in 
response to those inputs. 
0038. In operation, the major task of the BDFTSIG control 
system 30 is to suitably control the excitation current to the 
control windings according to a selected control strategy. In 
the control strategy of the preferred embodiment the excita 
tion current to the control windings 15 is used to control the 
power/current components of the primary induction genera 
tor 12. This can be effected if the excitation current to the 
secondary induction generator 14 is of a proper frequency and 
phase angle and injected into the secondary induction gen 
erator 12 (control winding) so that the desired power outputat 
the primary induction generator stator 13 terminals is 
achieved. This is achieved by using two proportional integral 
(P) controllers 60, 61 placed in the rotor co-ordinates which 
separately control primary induction machine 13 winding 
active and reactive power (current) components. Ad channel 
62 is used for the active power control as this is initially 
aligned with the power system Voltage vector while an 
orthogonal q channel 63 is used for the reactive power con 
trol. Synchronous operation is maintained by using the rotor 
position feedback signal from 32 and information about the 
power system Voltage position. From this information the 
required phase angle of the control current is determined by 
the controller 30. 
0039 Adaptive filtering is performed so that voltage and 
current wave forms are not distorted. Notch filters are pro 
vided, indicated at 40, which are centered at the fundamental 
frequency by using an adaptive tracking filter so that the 
corresponding fundamental components are extracted with 
out any phase and amplitude distortions. 
0040. The inverter is shown at 50. This inverter supplies 
excitation power to the secondary induction machine wind 
ings, the phase and Voltage and frequency of this power being 
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in response to the signal is derived from the control system30. 
The inverter 50 includes a first converter 39 and a second 
converter 41 electrically connected together via a DC bus. 
The first converter 39 is electrically connected to the power 
grid51 via 57 and converts the signal to DC. In response to the 
DC from the first inverter 39 and the controller output 53, the 
second converter 41 produces AC power at 55 with a comple 
mentary frequency and phase relationship between Voltage 
and current, to that in the primary stator windings 13. 
0041. A simple control strategy for the excitation current 
control is used, based on a current controlled PWM inverter, 
and two PI controllers 60, 61 placed in the synchronous 
co-ordinates, each PI controller separately controlling the 
active and reactive power flows through the power machine. 
0042. In operation, a preferred embodiment of the present 
invention has two separate stators 13, 15 which share a com 
mon rotor winding 21, 23. The inverter 50, whose output 
feeds the control stator 15, modulates the common rotor 
current 22, 24 via an air gap flux of the control machine 14. 
The rotor current in turn modulates and augments the output 
current produced by the power stator 13 through the air gap 
flux of the power machine 12. The two stator windings do not 
share a common iron circuit and there are fewer limitations on 
output from this interaction and the windings of both the 
power and control stators are relatively straightforward and 
inexpensive to construct. 
0043 Preferred embodiments of the present invention are 
designed to enable the grid-connection of renewable energy 
powered generators by combining a version of a doubly-fed 
induction generator (DFIG) which has twin stators and is 
brushless (BDFTSIG) 10 with an electronic inverter 50 and a 
regulator/control system 30 which is configured to produce 
the active (P) and reactive (Q) power demands required by the 
load of the grid 51 to which it is connected. These three 
elements in preferred embodiments (BDFTSIG) 10, inverter 
50 and regulator/control system 30 are employed to achieve a 
selected power output having a selected frequency and phase 
relationship. 
0044 Preferred embodiments employ rotor windings 21, 
25 which are insulated from their core iron circuit, even if they 
are of Squirrel cage construction. 
0045. In preferred embodiments of the present invention, 
the power stator 13 is connected to the grid 51 and the second 
stator 15 (control stator) is connected to an electronic inverter 
50. The inverter 50 provides a variable frequency supply 
under the control of the controller 30 via its inputs rotor 
position transducer 32, active and reactive power transducer 
36 and the like. The control and power stators are coupled 
electro-magnetically through the twin airgaps between the 
rotor of the control machine 24 and the rotor of the power 
machine 22. A common rotor with interconnected windings 
can either be of the wound rotor type (for higher speed appli 
cations where the generator is gearbox coupled to the prime 
mover) or of the squirrel cage type (used for low-speed mul 
tipole applications in which the generator is direct-coupled to 
its prime mover). Because of the air link between the two 
stators, the normal Voltage-current constraints between 
linked Stators and rotors do not apply. Also, the Voltage and 
current ratings (but not the Voltagexcurrent rating) of the 
variable frequency power fed from the inverter to the Control 
stator can be chosen to minimise the cost of the power elec 
tronics by selecting the lowest cost components. This repre 
sents a major cost saving compared to other inverter power 



US 2009/0121482 A1 

Supplies where the Voltage and current is predicated by the 
Voltage of the main stator windings. 
0046 Advantages of preferred embodiments of this sys 
tem are as follows: 
0047 (i) The system is able to accept variable input 
energy, (which is characteristic of renewable energy sources 
Such as wind, wave and ocean currents) and to efficiently 
convert the majority of the available energy, at any time, to 
useable fixed frequency output power Suitable for Supply to a 
50 HZ or 60 HZ electricity grid. 
0048. It is able to do this because of (a) the high efficiency 
of the twin stator squirrel cage induction generator which 
results from the insulation of the rotor bars 19, 21 of both the 
Control and Power generators (b) the position sensing of the 
rotor and the use of this information to control the output of 
the electronic inverter which provides power to the control 
and (c) the circuitry of the inverter which provides output 
power at any leading or lagging power factor and frequency, 
so that the combined output of the Power and Control stators 
is available to the fixed frequency grid at any leading or 
lagging power factor demanded by the load on the grid. 
0049. The rating of the Inverter and the Control Stator, for 
normal reactive power requirements, need only be about 25 to 
30% of the rating of the Power Stator. 
0050 (ii) The generator has no brushes or sliprings. 
Brushes and sliprings require regular replacement and gen 
erate carbon dust that adversely affects the life of the electri 
cal windings. This is a very serious limitation in situations, 
such as high wind towers, where access is difficult especially 
if near the sea, where salt contamination combined with car 
bondust, gives rise to further electrical operational problems. 
The use of brushes and sliprings, such as are used on other 
doubly-fed machines, is avoided by using entirely indepen 
dent air gaps as the magnetic links between the two feeds to 
the generator. 
0051 (iii) Because the Power and Control stator windings 
are totally magnetically and electrically separated from each 
other, they do not interact on each other in any way and the 
voltage and current combination chosen for the inverter feed 
to the Control Stator is not constrained by the voltage chosen 
(for other economic or technical reasons) for the output wind 
ings of the Power Stator. This means that the voltage and 
current combination chosen for the inverter can be based on 
other considerations, such as minimum cost semiconductor 
devices. 
0052 (iv) The efficiency of the present Generator Genera 
tion System, since both stators contribute to the output power 
of the generator, is comparable with the efficiency of any 
other single winding Induction Generator of the same total 
KVA capacity. 
0053 (v) The present or “Varispeed' Generation System 
can be employed in two modes. In the high speed mode the 
two stators (Power and Control) are wound with a small 
number of poles (typically 4, 6 or 8) and the rotor windings 
are pitched correspondingly, and the generator shaft is 
coupled to the prime mover via an appropriate ratio step-up 
gearbox so that the speed of rotation of the rotor (in RPM, n) 
is related to the number of poles by the relationship 

(fe + fp)x60 
r = (P. p. 
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where 
0.054 fe-frequency of inverter output (HZ) feeding the 
Control Stator 

0.055 fp-frequency of mains or grid 
0056 Pc=number of pole pairs in the Control Stator 
winding 

0057 Pp=number of pole pairs in the Power Stator 
winding 

For 4 pole windings on the two stators this corresponds to a 
base rotor speed of about 900 RPM. 
0058. In the low speed mode, for which the present or 
“Varispeed' Generation System is equally applicable, the 
Generator Power and Control Stators are wound with a large 
number of poles (typically 300 210) and the Generator is 
direct coupled to the prime mover without the use of an 
intermediate step-up gearbox. 
0059 From the application of this formula it can be seen 
that the BDFTSIG generator has another advantage over both 
a conventional induction generator and a direct drive multi 
pole synchronous generator when used in this situation. In the 
former case, the base speed of generator rotation is only 900 
RPM for a BDFTSIG generator compared with 150 ORPM 
for a conventional 4 pole single stator induction generator and 
in the latter case with an input or prime mover speed of say 20 
RPM, a conventional direct-coupled multi-pole synchronous 
generator would require 300 poles in order to generate 50 HZ 
at that speed whereas a direct-coupled BDFTSIG generator 
would only require about 210 poles. 
0060. In either mode of operation, the present or 
“Varispeed” BDFTSIG generator offers very considerable 
cost savings—either in a lower gearbox ratio and reduced 
gearbox weight or in a lower number of generator poles and a 
Smaller generator diameter and weight. 
0061 The reference to any prior art in this specification is 
not, and should not be taken as, an acknowledgment or any 
form of Suggestion that that prior art forms part of the com 
mon general knowledge in Australia. 
0062 Finally, it is to be understood that various alter 
ations, modifications and/or additions may be incorporated 
into the various constructions and arrangements of parts with 
out departing from the spirit or ambit of the invention. 
We claim: 
1. A machine Suitable for generating power in a variable 

speed wind energy generation system, the machine including 
a primary or power induction generator, and a secondary or 
control induction generator, each induction generator having 
a rotor mounted so as to be rotated by a shaft common to both 
primary and secondary generators, the secondary or control 
induction generator being electrically connected to an 
inverter, a controller being associated with the machine which 
provides an output signal to the inverter based on selected 
inputs to the controller so that in use the inverter may input a 
signal to the secondary or control induction generator to 
effect a selected output from the primary or power induction 
generator. 

2. A machine in accordance with claim 1 wherein in use, 
the primary induction generator is electrically connected to a 
power grid for Supply to the grid and the secondary or control 
induction generatoris also electrically connected to the power 
grid for Supply from the grid via an inverter, the inverter 
producing a controlled Voltage and current of variable fre 
quency and phase relationship. 

3. A machine in accordance with claim 1 or 2 wherein the 
generators include respective stators, the stators being mag 
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netically and electrically isolated from each other, the gen 
erators including respective rotors. 

4. A machine in accordance with any previous claim 
wherein the rotor windings are insulated from adjacent wind 
ings and from their laminated structures and placed in a single 
common housing so that they share a common current. 

5. A machine in accordance with any previous claim 
wherein the machine can operate in a synchronous mode 
wherein a single frequency current passes through both sec 
tions of the common rotor. 

6. A machine in accordance with any previous claim 
wherein the rotor on the primary generator and the rotor on 
the control generator are in the squirrel-cage form, include 
laminations, and are electrically connected to each other via 
cage bars. 

7. A machine in accordance with claim 6 wherein the cage 
bars are electrically connected to respective corresponding 
bars on the adjacent rotor. 

8. A machine in accordance with claim 7 wherein the cage 
bars within each rotor are electrically isolated from one 
another as well as electrically insulated from the laminations. 

9. A machine in accordance with claim 8 wherein the 
insulation is achieved by employing pre-insulated bars or by 
lining the rotor slots with an insulator packet. 

10. A machine in accordance with any previous claim 
wherein in operation, the inverter Supplies the secondary or 
control induction generator and also is electrically connected 
to a control system so that the inverter provides Voltage and 
current wave forms complementary to the primary induction 
generator's wave forms. 

11. A machine in accordance with any previous claim 
wherein the common shaft is operatively connected to a prime 
mover, in one form, a wind turbine. 

12. A machine in accordance with any previous claim 
wherein the stators of the primary and secondary generators 
are electrically isolated from each other, so that they do not 
interact in any electrical or magnetic manner apart from via 
air gaps between their respective rotor portions. 

13. A machine in accordance with any previous claim 
wherein the controller includes at least one Proportional Inte 
gral (PI) controller; as well as one or more notch filters and 
phase angle synthesisers in order to provide inputs regarding 
Voltage and current relationships to the inverter, without caus 
ing undue control spikes. 

14. A machine in accordance with any previous claim 
wherein the filters are adaptive notch filters to isolate the 
fundamental frequency of the Voltage and current generated. 

15. A variable-input-speed energy generation apparatus, 
the system including primary and secondary induction gen 
erators, the generators being mounted on a common shaft, 
shared with a prime mover, a control system for controlling 
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phase relationships between Voltage and current produced by 
the system; and an inverter operatively connected to the con 
troller for Supplying the secondary induction generator with 
power at a selected Voltage and current relationship, so that 
the energy output from the system Substantially matches the 
specified active and reactive power requirements of the grid to 
which it is electrically connected. 

16. An energy generation apparatus in accordance with 
claim 15 wherein each generator includes a respective sepa 
rate stator winding, the generators further including a rotor 
mounted to the common shaft. 

17. An energy generation apparatus in accordance with 
claim 15 or 16 wherein the controller inputs are signals such 
as specified active and reactive power as well as signals from 
transducers. 

18. An energy generation apparatus in accordance with any 
one of claims 15-17 wherein a rotor position sensor is pro 
vided for determining the angular position of the common 
shaft and rotor, and for input to the controller. 

19. An energy generation apparatus in accordance with any 
one of claims 15-18 wherein active and reactive power trans 
ducers are also provided so as to determine the phase rela 
tionships between Voltage and current at the output from the 
primary stator, and at the input to the secondary stator. 

20. An energy generation apparatus in accordance with any 
one of claims 15-19 wherein voltage and current signals from 
the grid are obtained, filtered, to remove harmonics and then 
the Power System (Grid) References are calculated, for input 
to the controller. 

21. An energy generation apparatus in accordance with any 
one of claims 15-20 wherein the inverter is in the form of two 
PWM converters electrically connected; a first converter con 
verting the AC input from the grid to DC, and a second PWM 
converter converting the DC back to AC of a preferred fre 
quency with a phase relationship between the Voltage and 
current which is complementary with that of the primary 
stator, in response to the inputs from the controller. 

22. An energy generation apparatus in accordance with any 
one of claims 15-21 wherein the apparatus includes a feature 
in accordance with any one of claims 1-14. 

23. An induction machine which includes a rotor having 
laminations and insulated cage bars, the bars being electri 
cally isolated from one another as well as electrically insu 
lated from the laminations. 

24. A machine substantially as hereinbefore described with 
reference to the attached drawings. 

25. An energy generation apparatus Substantially as here 
inbefore described with reference to the attached drawings. 

26. An induction machine substantially as hereinbefore 
described with reference to the attached drawings. 
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